INTRODUCTION
Chrysanthemums are of the genus Chrysanthemum , belonging to the Asteraceae family which is very common in Mediterranean basin countries 1 3 . This genus includes nearly 300 species 4 of which 13 are distributed in Tunisia 2 .
Chrysanthemum trifurcatum Desf. Batt. and Trab. var. macrocephalum viv. Beg. has been known in Tunisia as gueredfa or ouazouaza . The flower heads of C. trifurcatum are locally used in food such as assida or chorba , and are considered a health food by many con- . Also, the flowerheads oil of C. trifurcatum 7 showed a great potential of antibacterial effect against Staphylococcus epidermidis and Bacillus subtilis along with other bacteria tested. Likewise, we have reported 6 that the mixture of leaves-flowers and leaves-stems from C. trifurcatum were contained high quantities of tannins and flavonoids and a small amounts of alkaloids. Such composition was confirmed for the polar extracts of C. trifurcatum and it also has been reported 17 that the methanolic and acetone crude extracts of leaves of C. trifurcatum growing in India contained tannins, flavonoids, terpenoids, alkaloids, saponins, cardiac glycosides, reducing sugars and triterpenoids. Previous chemical investigations 16 on butanolic extract of aerial parts of C. trifurcatum from Algeria revealed the presence of caffeic acid, apigenin, luteolin, apigenin 7-glucoside, luteolin 7-glucoside and quercetin, and this extract had an antioxidant activity. However, we have showed previousely 6 that the organic extracts of C. trifurcatum exhibited activity against some microbial strains and most of the extracts were well tolerated by Vero cells. Additionally, the petroleum ether extract of C. trifurcatum stems and leaves had anti-HSV1 activity 6 and the methanolic extract of C. trifurcatum flowerheads could stimulate duodenal smooth muscle contractions through muscarinic receptors 5 , these findings explain the respective traditional use of plant in gastrointestinal problems, especially constipation. Despite the few aforementioned data on the chemistry and bioactivities of C. trifurcatum, there are a dearth of information about its secondary metabolites and their biological activities. Therefore, the present study was intended to investigate the essential oils composition of leaves, stems and roots of C. trifurcatum from Tunisian origin by GC and GC/MS, and, to evaluate their antibacterial activities. The petroleum ether, ethyl acetate and methanolic extracts of the same parts of C. trifurcatum were screened for the presence of tannins, flavonoids and alkaloids. Also, the antibacterial activities of these crude organic extracts were conducted in order to obtain an insight into the beneficial effects of this plant species. However, to the best of our knowledge, similar studies have not been carried out on the leaves, stems and roots of C. trifurcatum growing in Tunisia.
EXPERIMENTAL

Plant material
Fresh leaves, stems and roots of Chrysanthemum trifurcatum were collected from Zeramdine in the center of Tunisia. The samples were authentificated according to the morphological description presented in Tunisian Flora 2 by
Professor Fethia Harzallah-Skhiri, botanist in Higher Institute of Biotechnology of Monastir, Tunisia. A voucher specimen has been kept in our laboratory for future reference.
Essential oils extraction
The fresh plant materials were separated into leaves, stems and roots and they were submitted separately to hydrodistillation for 5 h using a Clevenger type apparatus. The essential oils obtained were dried with anhydrous sodium sulphate and stored at 4 for subsequent experiments. Yields based on fresh weight of the samples were calculated.
GC-FID analysis
The essential oils were analysed using a Hewlett Packard 5890 II GC equipped with Flame Ionization Detector FID and HP-5 MS fused silica capillary column 30 m 0.25 mm ID, film thickness 0.25 µm . Injector and detector temperature were set at 250 and 280 , respectively. Oven temperature was kept at 50 for 1 min then gradually raised to 250 at 5 /min and subsequently, held isothermal for 4 min. Nitrogen was the carrier gas at a flow rate of 1.2 ml/ min. Diluted samples 1/100 in hexane, v/v of 1.0 µl were injected manually and in the splitless mode. Quantitative data were obtained electronically from FID area percent data without the use of correction factors.
GC-MS analysis
The analysis of the oils was performed using a Hewlett Packard 5890 II GC, equipped with a HP 5972 mass selective detector and a HP-5 MS capillary column 30 0.25 mm ID, film thickness 0.25 µm . For GC/MS detection, an electron ionization system, with ionization energy of 70 eV, a scan time of 1.5 s and mass range 40-300 amu, was used. Helium was the carrier gas at a flow rate of 1.2 ml/min. Injector and transfer line temperatures were set at 250 and 280 , respectively. Oven program temperature was the same with GC analysis. Diluted samples 1/100 in hexane, v/v of 1.0 µl were injected manually and in the splitless mode. The retention indices of the components were determined relative to the retention times of a series of n-alkanes relative to C9-C28 on the HP5 and HP-20M columns . The essential oil components were identified by comparison of their mass spectra with those in the Wiley 275 GC-MS library and those in the literature 18 , as well as by comparison of their retention indices with literature data 18 22 . The relative concentration of each compound in the essential oil was quantified based on the peak area inChemical profiles and antibacterial activity of C. trifurcatum tegrated in the analysis program.
Preparation of plant extracts
The air-dried powdered plant leaves, stems and roots 150 g were successively extracted with solvents of increasing polarity: petroleum ether, ethyl acetate and methanol by maceration 3 48 h . After filtering, extracts were combined and then concentrated by evaporation to dryness at 45 under reduced pressure for 15-30 min following solvent. Yields of extracts in terms of dry starting materials were calculated.
Preliminary phytochemical analysis
Plant materials were screened for the presence of tannins, flavonoids and alkaloids, using the methods previously described 6, 23 25 . Two milligrams of each extract was separately dissolved in 2 ml of the adequate solvent. Samples of cultures grown overnight 10 8 cfu/ml , were incubated with oils and extracts dissolved in ethanol 99 at a concentration of 1, 10, 100 and 500 µg/ml for 24 h at 37 . All inhibition assays were carried out in triplicate. Growth was monitored by measuring OD 600 with a Packard Spectracount microplate spectrophotometer and the percentage of inhibition I was calculated for each concentration 7, 26 as follows:
Where ODc was the mean optical density of the bacterial control cultures and ODt was the mean optical density of the bacterial cultures treated with oils and extracts at different concentrations. Ethanol used for solubilizing the samples was used as control. It was performed for every assay and showed no inhibition of the microbial growth. Ampicillin was used as reference antibiotic.
Statistical analysis
The Percentage of bacterial growth inhibition I was calculated for each bacterial strain as described previously. Three independent experiments were performed in triplicate, and the results were expressed as mean values s. e.m. The 50 inhibitive concentrations IC 50 of the test samples were estimated by regression analysis with Prism software GraphPad Software, Inc . Statistical analyses were performed using SPSS 13.0 software package and a P value less than 0.05 was considered as significant.
RESULTS AND DISCUSSION
Chemical composition 3.1.1 Chemical composition of the essential oils
The hydrodistillation of the fresh leaves, stems and roots of C. trifurcatum, afforded essential oils with a light yellow colour and a pungent odour at room temperature. The yields of the different oil samples, reported in Table 1 , ranged from 0.039 to 0.059 , with the highest yield for the leaves oil 0.059 and the lowest yield for the roots oil 0.039 . The composition of these oils is also given in Table 1 , and the compounds are listed according to their elution order on the apolar HP-5 MS capillary column. The identification of the oil components was based on the comparison of their mass spectra and retention indices RI with those reported in the wiley 275 mass spectral library and in the literature 18 22 . . On the other hands, thirty two compounds accounting for 98.20 of constituents of the roots oil were identified. The roots oil was dominated by sesquiterpene hydrocarbons 70. 30 and oxygenated sesquiterp e n e s 1 6 . 3 9 a n d t h e m a j o r c o m p o n e n t s w e r e a-calacorene 25.98
, a-cedrene 16.55 , b-bourbobene 14.91 and 2-hexenal 6.88 . The results clearly indicate that the leaves and stems oils were dominated by monoterpene hydrocarbons with the major compound was limonene, but roots oil was dominated by sesquiterpene hydrocarbons with the major constituent was a-calacorene. More, the stems and roots oils contained a similar amounts of aldehydes, 5.63 and 6.88 , respectively, but the leaves oil contained only 1.04 of aldehydes.
To the best of our knowledge, this is the first report of the chemical composition of leaves, stems and roots essential oils of C. trifurcatum from Tunisia. Nevertheless, we have reported previously 7 aerial parts of C. trifurcatum were rather similar, but the roots oil composition was different. These results were in accordance with previous studies 27 that showed that essential oil compositions of leaves, stems and roots of C. parthenium were dissimilar; in fact, the leaves and stems oils were characterized by a high amount of camphor 56.4 and 26 , respectively , whereas the main component of the root oil were a-pinene 50.0 . Limonene, the major component of the leaves and stems oils of C. trifurcatum reported in this study 34 showed that the addition of nutrients in the culture medium of C. coronarium increased the percentage of some essential oil constituents, and in particular camphor that passed from 17.66 to 20.45 . From this latter finding, it can presumed that the quality and chemical composition of the essential oil of Chrysanthemum sp. substantially depend upon the species, plant part, geographic origin, environment, extraction and analytical procedures 34 .
Preliminary phytochemical analysis of the crude extracts
In the present investigation, preliminary phytochemical screening has been done for petroleum ether, ethyl acetate and methanolic extracts of leaves, stems and roots of C. trifurcatum, for the presence of phytochemical constituents namely alkaloids, flavonoids and tannins. From the results, it was observed that the organic extracts of leaves presented highest yields with range of 1.67-6.04 . The lowest yields were observed with roots extracts 0. 46-0.92 . Also, tannins, alkaloids and flavonoids were detected in the methanolic extracts of all parts of C. trifurcatum. But, all petroleum ether extracts do not contain tannins, flavonoids and alkaloids. Among, all ethyl acetate extracts showed the presence of tannins. Based on this preliminary phytochemical analysis, the methanol extract of C. trifurcatum showed the presence of important bioactive compounds, namely tannins, flavonoids and alkaloids. This finding was in agreement with the previous phytochemical studies 6, 17 . In fact, we have reported 6 that the methanolic extracts of a combination of leaves-flowers and leaves-stems of C. trifurcatum contained a high quantities of tannins, followed by alkaloids and flavonoids. Other research 17 reported that the methanolic and acetone crude extracts of C. trifurcatum leaves from India contained tannins, flavonoids, terpenoids, alkaloids, saponins, cardiac glycosides, reducing sugars and triterpenoids. Furthermore, the phytochemical profile of Chrysanthemum species has shown the presence of terpenoids 35 , flavonoids and phenolic compounds 36 . The ethyl acetate extract of C. indicum 37 contains terpenes and flavonoids mainly.
Besides, the content of flavonoids in ethanol extract is the highest by comparison with different extracts 37 . Other research suggests that flavonoids 38 , triterpenes, vitamin, and polysaccharides 36, 39 were the main active ingredient of C.
morifolium. Recently, it has been signaled that C. morifolium was rich in flavonoids, glycosides and caffeoylquinic acids 40 . In addition, C. coronarium and C. segetum were rich in flavonoids such as luteolin 41 . The phytochemical study 13 of C. fontanesii unveiled biodiversity of secondary metabolites on four families flavonoids, terpenes, phenolic acids and coumarins . Preliminary phytochemical analysis of C. trifurcatum during the present study also ascertains the presence of some potential group of bioactive substances such as tannins, alkaloids and flavonoids. Hence, phytochemicals screening serves as the initial step in predicting the types of potential active compounds from plants.
Antibacterial activity 3.2.1 Antibacterial activity of essential oils
The antibacterial activity of C. trifurcatum essential oils against eight bacteria species, selected as representatives of the classes of Gram-positive and Gram negative and known to cause respiratory, gastrointestinal, skin and urinary disorders, was evaluated by the microdilution method to determinate the 50 inhibitive concentration IC 50 and the percentage of bacterial growth inhibition I Table 2 . According to results given in Table 2 , we deduced that the oils from leaves, stems and roots of C. trifurcatum showed a growth inhibition against tested bacterial strains. However, this activity varies with kind of bacteria. In fact, at the concentration of 500 µg/ml, leaves oil exhibited potent inhibitory effect on the growth of the Gram positive strain, Bacillus subtilis 64 with IC 50 of 62.5 µg/ml, this activity was more pronounced than the standard antibiotic ampicillin against this bacteria I of 30 and IC 50 500 µg/ml . Moreover, this oil showed a moderate activity against the other tested microorganisms, Table 2 Antibacterial activities (%I and IC 50 on µg/ml) of the essential oils and extracts of leaves, stems and roots from C. trifurcatum. with IC 50 superior to 500 µg/ml. The stems oil was active against two Gram positive strains: B. subtilis 59 and Staphylococcus homimis 55 with IC 50 of 250 µg/ml Table 2 . Similarly, this oil showed a moderate activity against the other tested strains. The roots oil showed the lowest activity against all strains with growth inhibition range of 7-24 and IC 50 500 µg/ml. The results also revealed that B. subtilis and S. hominis had to be the most sensitive microorganisms to the leaves and stems oils of C. trifurcatum. On the other hand, the oils of leaves and stems exhibited almost similar activity against Gram negative strains which were Hafnia alvei I of 19 , Proteus mirabilis I of 26 and 29, respectively and Escherichia coli I of 29 and 24, respectively . This finding indicated that Gram positive bacteria were more sensitive to the oils than Gram negative ones. This is in agreement with observations made by other authors that Gram positive strains were more susceptible to essential oils than Gram negative ones 42, 43 . The resistance of Gram negative bacteria was primarily attributable to the occurrence of a very restrictive outer membrane barrier which resulted in a high level of intrinsic resistance to essential oil and its active components 44 . Also, in the specific case of C. trifurcatum, we have reported previously 7 that the flowerheads oil of C.
Part used
trifurcatum exhibited a potent inhibitory effect on the growth of two Gram positive strains: S. epidermidis I 66 and IC 50 62.5 µg/ml and B. subtilis I 64 and IC 50 125 µg/ml . In fact, we have associated the observed antibacterial activity 7 with the higher content of limonene, g-terpinene, 1,8-cineole, a-pinene and b-pinene. Thus, limonene, the most abundant constituent of the leaves and stems oils in our present study, was known to exhibit antibacterial activity 45 . a-pinene and b-pinene which were found to be in appreciable amounts in the leaves oil of C. trifurcatum, have been reported to display antibacterial effects 46 . Moreover, essential oils of many Chrysanthemum species were known to exhibit antimicrobial activity against several bacteria and fungi 9, 32 . Previous reports 47 showed that the leaf, stem and root oils of C. parthenium exibited inhibitory effects on Escherichia coli and Salmonella typhi, but were not active against Staphylococcus aureus. Either, the leaf oil of C. parthenium was characterized by a high amount of camphor, whereas in the stem oil, camphor, trans-b-ocimene and germacrene D were the major constituents. The main components of the root oil were a-pinene, trans-b-farnesene and bicyclogermacrene 47 . More, terpenes were reported to be active against bacteria 48 . Research on the antimicrobial actions of monoterpenes suggests that they diffuse into and damage cell membrane structures 49 . In fact, it seems, as described previously that essential oils containing hydrocarbon terpenoids were more active against Gram positive organisms than Gram negative ones. In addition, the components in lower amount may also contribute to antibacterial activity of the oils involving probably some type of synergism with the other active compounds 50 .
Based on the aforementioned papers and our previous study 7 , it can be concluded that the presence of high quantities of monoterpenoid components in essential oils of leaves, stems and flowerheads of C. trifurcatum from Tunisia could explain its activity against Gram positive bacteria. This activity could, in part, be associated with major constituents such as limonene, g-terpinene, a-pinene, b-pinene and 4-terpenyl acetate. Minor components present in our essential oils may also contribute to antibacterial activity of the oils involving some type of synergism with the other active compounds.
Antibacterial activity of crude extracts
The crude organic extracts of leaves, stems and roots of C. trifurcatum, were tested for their antibacterial activity against eight bacterial strains Table 2 . The results showed that the antibacterial profiles varied considerably. In fact, the effect of different plant parts depend largely upon the type of solvent used for extraction and the bacterial strains tested for susceptibility assay. To the best of our knowledge, no scientific study was reported about the extracts composition and antimicrobial activity of C. trifurcatum collected from Tunisia except our previous findings 6 . Data obtained in this present study indicated that all extracts were able to inhibit the growth of one or more of the bacterial strains. However, the most susceptible organisms were S. epidermidis and B. subtilis, they were inhibited by all C. trifurcatum extracts with growth inhibition range of 42-73 and 32-64 , respectively. The most resistant organism was Hafnia alvei, it was inhibited by the extracts with inhibition range of 7-19 . More, the methanolic extract of the leaves was the most active one; it showed potent inhibitory effect on the growth of S. epidermidis with 73 and with IC 50 for 31.25 µg/ml. The same extract was active against B. subtilis with growth inhibition of 63 IC 50 of 125 µg/ml . The ethyl acetate extract of leaves inhibited the growth of S. epidermidis and B. subtilis with 69 IC 50 of 62.5 µg/ml and 61 IC 50 of 125 µg/ml , respectively. Also, the petroleum ether extract of leaves was active against S. epidermidis and B. subtilis with growth inhibition of 67 IC 50 of 125 µg/ml and 62 IC 50 of 125 µg/ml , respectively. From the stems of C. trifurcatum, the methanolic extract was the most active one, this activity was of 66 against S. hominis with IC 50 of 62.5 µg/ml. Furthermore, the ethyl acetate extract of stems inhibited the growth of S. hominis and S. epidermidis with respectively 64 IC 50 of 125 µg/ml and 60 IC 50 of 250 µg/ml . Concerning the roots extracts of C. trifurcatum, all samples inhibited the growth of S. hominis with range of 53-55 and IC 50 for 250 µg/ml. The petroleum ether extract of roots was active against S. epidermidis with growth inhibition of 55 IC 50 for 250 µg/ml . In addition, it is clear that the leaves and stems extracts of the C. tri-furcatum showed better antibacterial activity compared to the roots ones. Once again, our results indicated that Gram positive bacteria were more sensitive to the crude extracts than Gram negative ones. This is in agreement with other similar observations 42, 43 . Also, the presence of antimicrobial activity in a particular part of a particular plant species may be due to the presence of one or more bioactive compounds such as alkaloids, glycosides, flavonoids, steroids and saponins 51, 52 . The most active C. trifurcatum extracts tested against bacterial strains, contained tannins, flavonoids and alkaloids. However, some anti-infective actions have been assigned to tannins 53 . They can be toxic to bacteria, yeasts and filamentous fungi 54 . Their mode of antimicrobial action may be related to their ability to inactivate microbial adhesions, enzymes, cell envelope transport proteins and they also complex with polysaccharide 55 . Furthermore, flavonoids were known to be synthesized by plants in response to microbial infection 56 . Their activity was probably due to their ability to complex with extracellular and soluble proteins and to complex with bacterial cell walls 57 . Moreover, alkaloids were known to have antimicrobial activity 58 . Therefore, according to previous research and present study, the chemical compounds such as tannins, alkaloids and flavonoids could be responsible for the high antibacterial efficacy of C. trifurcatum extracts,especially of leaves and stems.
In conclusion, this paper firstly reported the chemical composition and antibacterial activity of the essential oils and crude extracts of leaves, stems and roots of C. trifurcatum. These findings, considered together, suggested that the oils and extracts of leaves and stems have potent antibacterial activity against Gram positive bacteria and it showed the presence of promising antibacterial substances. Further investigation on the isolation of bioactive components from C. trifurcatum would hold to increase its potential to use this species as the source of new drugs.
